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Drebrin is a potential diagnostic biomarker for breast 
cancer
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Abstract: Breast cancer (BC) is the leading cause of death among solid tumors in women. Although new therapeutic 
agents have been developed since few decades ago, many patients still died of the disease due to relapse. Because 
of the mutations and dysregulated expression in multiple genes are closely associated with development, metas-
tasis and prognosis of BC. Novel molecular markers for precise diagnosis of BC are expected. Drebrin is an actin-
binding protein involved in the regulation of actin filament organization, and plays a significant role in cell motility. So 
far, there have been several studies reporting that Drebrinis up-regulated in colorectal cancer, recurrent non-small 
cell lung cancer and so on. However, the expression of Drebrin in BC is unclear. In this study, measured by immu-
nohistochemical staining, Drebrin showed moderately or strongly positive in majority of the invasive BC specimens 
(64.13%). Additionally, Drebrin expression was significantly correlated with the expression of Ki67 (P=0.020), which 
can reflect the activity of cell proliferation and has a role in clinical practice as prognostic and predictive factors. In 
conclusion, Drebrin may be a promising cancer diagnostic biomarker.
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Introduction

Breast cancer (BC) is the most common maliga-
nant cancer among women. The increasing inci-
dence of BC every year causes great physiologi-
cal and financial burdens for patients. In 2015, 
BC caused 15% of cancer deaths in females 
around the world [1]. Researchers recommend-
ed routine BC screening in women younger 
than 50 years old [2]. Because of the mutations 
and dysregulated expression in multiple genes 
are closely associated with development, me- 
tastasis and prognosis of BC. For successful 
BC management, the main challenge is to ex- 
plore sensitive biomarkers that have high effi-
ciency for screening and diagnosing BC malig-
nancy, helpful for making decisions on treat-
ment as well.

Drebrin (developmentally regulated brain pro-
tein) is an actin-binding protein, which is a fam-
ily of ABP (Actin-Binding Proteins) originally 

identified in neuronal cells and tissues [3], 
involving in the regulation of actin filament orga-
nization, especially during the formation of ne- 
uritis and cell protrusions of motile cells [4]. 
Furthermore, Drebrinis also found in diverse 
non-neuronal cells, primarily in association with 
cell processes and intercellular junctions where 
it again plays a key role in actin remodeling 
[5-8]. Given the actin reorganization is an impo- 
rtant process for tumor cell invasion and migrat-
ing, it is not surprising that Drebrinis upregulat-
ed in a range of carcinomas [9]. However, the 
role of Drebrin in BC is unclear.

In this study, we collected adjacent normal br- 
east tissues and invasive BC specimens. Imm- 
unohistochemical staining was used to detect 
the expression of Drebrin in these organiza-
tions. A link between Drebrin and BC was estab-
lished. In the 92 examined specimens, a posi-
tive correlation was found between the expre- 
ssion level of Drebrin and Ki67. Our studies sug-
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gested that Drebrin is a potential target in the 
diagnosis of BC.

Material and methods

Patients and specimens

We obtained 35 adjacent normal breast tis-
sues and 92 BC tumor specimens from pati- 

ents, who were diagnosed with BC and under-
went complete resection in the Zhejiang Uni- 
versity College of Medicine, Zhongshan Hospital 
and Changhai Hospital between 2013 and 
2014. Informed consent was obtained from all 
patients. BC tumor specimens were collected 
before any radiotherapy or chemotherapy was 
applied. Normal breast tissues were collected 

Figure 1. The expression of Drebrin in breast cancer specimens. A: Drebrin was negative in the normal adjacent 
normal breast tissues. B, C: Drebrin was negative or weakly positive in some little invasive breast cancer specimens. 
D, E: Drebrin was moderately or strongly positive in the majority of invasive breast cancer. F: Drebrin expression 
was significantly higher in the breast cancer tissues than that in the normal breast tissues in the same field of view.
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at least 5 cm away from the tumor tissues and 
were further confirmed to be cancer free. All 
the clinical data of patients such as age, ER/
PR/HER2 status, tumor size, lymph node sta-
tus, local or distant metastatic relapse were 
available and reviewed. This study was app- 
roved by the Ethical Committee of the Zhejiang 
Medical University, Fudan University and Ch- 
anghai Hospital.

Immunohistochemistry

After fixed with 10% neutral formalin, paraffin-
embedded and surgically excised tissue sam-
ples were cut into 4-μm thick sections. The sec-
tions were deparaffinized in xylene, rehydrated 
with graded alcohol, and then boiled in citrate 
buffer (0.01 M, pH 6.0) for 2 min. Endogenous 
peroxidase activity was inactivated with 3% 
H2O2 for 10 min at room temperature (RT) and 
samples were incubated in 10% goat serum at 
RT for 30 min to reduce the non-specific bind-
ing. Tissue sections were incubated with anti-
Drebrin monoclonal antibody (1:200 dilution; 
Abcam) at 4°C overnight. Mouse immunoglobu-
lin was used as isotype controls. Subsequently, 
the sections were treated with Biotinylated 
goat anti-mouse serum IgG as a secondary 
antibody at RT for 1 h. After washing with phos-
phate-buffered saline (PBS) for three times, the 
sections were incubated with streptavidin-bio-
tin conjugated with horseradish peroxidase, 
and the peroxidase reaction was developed 
with 3,3’-diaminobenzidine tetra hydrochloride. 
Then counterstaining with hematoxylin was 
performed and sections were washed with dis-
tilled water. Finally, dehydrated with graded 
alcohol and xylene, sealed slice were examined 
with microscope. 100 cells were observed and 
scored per view at ×400 magnification. Expre- 
ssion levels were assessed based on the rate 
of positive cells and staining intensity. The rate 
of positive cells was categorized as follows: 0, 
<5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 4, >75%. 
The intensity was graded as follows: 0, no stain-
ing; 1, weak staining, light yellow; 2, moderate 
staining, yellow brown; 3, strong staining, bro- 
wn. The proportion and intensity scores were 
then multiplied to obtain a final score. Scores of 

0-3 were defined as “negative expression”, 4-6 
as “weak positive expression”, 7-9 as “moder-
ate positive expression”, and 10-12 as “strong 
positive expression”.

Statistical analysis

Data were analyze dusing the SPSS version 
13.0 (SPSS, Chicago, IL, USA). The Pearson Chi-
square test was used to analyze the potential 
correlations between Drebrin and clinicopatho-
logical factors. P-value of <0.05 was consid-
ered statistically significant.

Results

Drebrin expression was elevated in breast 
cancer tissues

Firstly, we used immunohistochemistry to com-
pare the expression of Drebrin in BC tissues to 
that of corresponding adjacent noncancerous 
tissues. Drebrin was negative in the normal 
adjacent breast tissues (Figure 1A). While in 
the invasive BC specimens, Drebrin showed 
moderately (20.65%, 19/62, Figure 1D) or stro- 
ngly positive (43.49%, 40/92, Figure 1E and 
Table 1). 

Additionally, we found a sample, which had not 
only tumor cells but also normal breast duct 
cells (Figure 1F). The expressions of Drebrin in 
the normal breast tissue and BC were signifi-
cantly different in the same field of view. In this 
figure, we can clearly see the expression of 
Drebrin was positive in cancer tissues but neg-
ative in noncancerous tissues. This kind of pic-
ture represented the real situation that the 
expression of Drebrin in patients who has BC. 
Collectively, the results implicated that Drebrin 
is overexpressed in BC.

The correlation between drebrin expression 
and clinic-pathological features of breast 
cancer

We analyzed the correlation between Drebrin 
expression and the clinical pathological factors 
of BC in 92 cases of BC specimens. As shown in 
Table 2, the expression level of Drebrin had sig-
nificantly positive correlation with the expres-

Table 1. Drebrin expression in invasive breast cancer specimens 
Negative Weak positive Moderate positive Strong positive

Invasive breast cancer 23 (25%) 10 (10.86%) 19 (20.65%) 40 (43.49%)
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sion level of Ki67 (P=0.020), but it had no obvi-
ous correlation with the patients’ age (P=0.904), 
lymph node metastasis (P=0.119) and the ex- 
pression level of ER (P=0.080), PR (P=0.151) 
and Her-2 (P=0.151).

In our study, Ki67 was negative in the normal 
adjacent breast tissues, while in the invasive 
BC specimens, Ki67 was positive (96.73%, 
89/92, Table 3). In sum, the results were con-
sistent with other research and indicated that 
Ki67 is a biologic BC marker.

Discussion

Despite improvements of cancer therapeutics, 
a large number of patients diagnosed with inva-
sive breast carcinomas will eventually die from 
this disease. Therefore, more effective bioma- 
rkers and targets for diagnosing the BC are 
urgently needed. Drebrin is an actin-binding pr- 
otein, which was overexpressed in BC in our 
research. We can confirm that because the exp- 
ression of Drebrin is significantly higher in the 
breast cancer tissues than that in the normal 
breast tissues in the same field of view (Figure 
1F). Moreover, the positive expression of Dre- 
brin was closely related to the expression of 
Ki67 in BC. Collectively, this research suggest-

actin filament organization and plays an impor-
tant role in cell motility and the control of cell 
shape especially of motile cells [4, 8]. Most of 
the past work on Drebrin expression and activ-
ity have been focused on neurons, in which 
Drebrin binds to F-actin and controls actin 
lament dynamics, neurite morphology and out-
growth [6, 13]. By affecting actin remodeling, 
Drebrin plays an important role in regulating 
cell motility in the physiology [14-16] and 
pathology of neuronal cells [17]. Drebrin exists 
in three isoforms (E1, E2, and A) generated by 
alternative splicing and synthesized in patterns 
depending on the specific developmental stage 
[18]. To date, Drebrin E2 is known to be expre- 
ssed in diverse types of non-neuronal cells 
including stomach and kidney epithelia [5] and 
T cells, where Drebrin binds the chemokine 
receptor CXCR4 and regulates immune synap-
sis [19]. Since the ability of Drebrin to form 
long, actin-rich protrusions, promote cell migra-
tion and cell-cell contact, it is not surprising 
that Drebrin may have an important role during 
the cancer metastasis. Moreover, the carboxy 
terminal of Drebrin is thought to interact with 
the Ras oncogene product [4, 20]. So far, there 
have been several studies reporting that 
Drebrinis up-regulated in epithelial skin tumors 

Table 2. Correlation of Drebrin expression with clinico-
pathological characteristics of invasive breast cancer
Clinicopathological 
Factors

Drebrin
All cases Positive Negative P

Age 0.904
    <50 53 40 13
    ≥50 39 29 10
Lymph node metastasis 0.119
    Yes 49 40 9
    No 43 29 14
ER expression 0.080
    Positive 61 41 20
    Negative 31 28 3
PR expression 0.151
    Positive 59 41 18
    Negative 33 28 5
HER2 expression 0.151
    Positive 48 33 15
    Negative 44 36 8
Ki67 expression 0.020*

    Positive 75 60 15
    Negative 17 9 8
*P<0.05 indicating a significantly positive correlation.

ed that Drebrin is likely a new molecular 
marker of BC. 

Cell invasion requires cell interactions 
with adjacent cells and extracellular 
matrix (ECM), proteolytic degradation of 
ECM, and cell migration [10]. Futhermore, 
tumor cells need to change their cell 
morphology for migrating. By remodeling 
the actin cytoskeleton, migrating cells 
become polarized and form membrane 
protrusions, such as lamellipodia and 
filopodia, and focal adhesions at the 
leading edge of the migratory front [11]. 
These membrane protrusions contain fi- 
lamentous actin and various structural 
are interacting with the ECM. Such prop-
erties enable cells to generate cytoskel-
etal contraction, so allow the cell body to 
move forward [11, 12]. In this way, actin 
cytoskeleton dynamics are considered 
to play a significant role in cell invasiv- 
eness.

Drebrin is believed to be a cytoskeletal 
modulator involved in the regulation of 



Drebrin in breast cancer

23602 Int J Clin Exp Med 2016;9(12):23598-23604

[7], colorectal cancer [9], recurrent non-small 
cell lung cancer [21] and in lymphoblastic leu-
kemia [22]. Some researchers found that Dr- 
ebrin plays an important role in for cell migra-
tion, invasion, and morphology in a series of 
human glioma cell lines [17]. And some studies 
proved that Drebrin was essential for progranu-
lin-induced signaling of urothelial cancer cells 
as in fact Drebrin depletion significantly inhib-
ited the activation of both the Akt and MAPK 
pathways, which were essential for progranu-
lin-dependent motility and invasion of urotheli-
al cancer cells [23-25]. Up to now, the mecha-
nism of the action of Drebrinin tumor is still 
unclear in some part. What is unclear in terms 
of tumorigenesis is whether the dysregulation 
of Drebrin is a primary cause or secondary to 
other genetic or environmental insults. This is 
similar to our lack of understanding of how 
Drebrin is involved in neurological disease as 
well: are abnormal levels of Drebrin the under-
lying cause or a pathological marker of other 
changes [4, 24, 25].

In this study, we found a positive correlation 
between the expression level of Drebrin and 
Ki67 in invasive BC specimens. The Ki67 anti-
gen (Kiel University, clone 67), firstly described 
in 1983 [26], is a nuclear protein expressed in 
proliferating cells throughout all phases of the 
cell cycle, and is a clinical pathological factors 
in many types of cancer. The expression starts 
in mid G1 and is maintained throughout the S, 
G2 and M phases of the cell cycle [27]. Ki67 
can reflect the activity of cell proliferation. Ye- 
rushalemi and colleagues conclude that Ki67 
at a level >10-14% defines a high risk group of 
BC patients [28]. Ki67 expression increases 
progressively across the continuum from be- 
nign breast disease to ductal carcinoma in situ 
to invasive BC [29, 30]. Ki67 is considered as a 
biologic BC marker, which have a role in clinical 
practice as prognostic and predictive factors 
and as possible targets for future therapies 
[31]. Because there have a positive correlation 
between Drebrin and Ki67 in breast cancer; 
furthermore, Drebrin is a cytoskeletal modula-
tor, which is considered to play a pivotal role in 

To our knowledge, this is the first study to inves-
tigate the expression of Drebrin in BC and clari-
fy the relationship between Drebrin and clinical 
pathological factors in BC. Our studies provided 
a preliminary theoretical and experimental ba- 
sis for Drebrin to be considered as a molecular 
marker and a potential target in the treatment 
of BC. Our future work will focus on the feasibil-
ity of Drebrin as a potential therapeutic target 
for invasive BC and the mechanisms of Drebrin 
in BC.
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